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(57) ABSTRACT

A method and a 3D display apparatus for processing a ste-
reoscopic 1image signal in high rate by software while using a
least number of hardware components 1n a portable 3D dis-
play apparatus based on a mobile Android platiorm are pro-
vided. This method 1s suitable for a portable terminal appa-
ratus equipped with a kernel layer directly controlling
hardware means including a display panel, and an applica-
tion/middleware layer controlling the kernel layer to display
a motion picture through the hardware means. One or more
plane 1mage surfaces are first generated from the application/
middleware layer and stored in a first frame buffer. An
encoded 1mage signal 1s decoded under the application/
middleware layer to restore aYUV 1mage signal representing
a sterecoscopic 1mage pair. Subsequently, the YUV image
signal 1s converted mnto an RGB i1mage signal, and left and
right images of the RGB image signal are mixed at the kernel
layer.
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3D IMAGE PROCESSING METHOD AND
PORTABLE 3D DISPLAY APPARATUS
IMPLEMENTING THE SAME

PRIORITY

This application claims the benefit under 35 U.S.C §119(a)
to a Korean patent Application filed on Oct. 13, 2010 in the

Korean Intellectual Property Office and assigned Serial No.
10-2010-0099723, and a Korean patent Application filed on

May 9, 2011 1n the Korean Intellectual Property Office and
assigned Serial No. 10-2011-0043507, the entire disclosure

of which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image processing methods
and apparatuses. More particularly, the present invention
relates to three-dimensional (3D) display apparatuses and
methods.

2. Description of Related Art

Human visual system 1s capable of finding relative posi-
tions of things by using many types of depth clues. Those
depth clues 1include physiological factors such as accommo-
dation, convergence, binocular disparity, motion parallax,
etc., and psychological factors such as linear distance, shad-
ing, shade distance, hiding by another object, texture grade,
color, etc. In the physiological depth clues, accommodation s
to vary a focus range of the crystalline lens for the purpose of
focusing the eyes on a specific position. The function of
accommodation 1s operating with convergence. Meantime,
convergence 1s to make one’s eyes meet at a target point by
moving inward when he 1s gazing into the target point apart
from him 1n a limited distance. Binocular disparity 1s oriented
from the fact that the left and right eyes are arranged to
respond respective images because they are spaced from each
other 1n about 65 mm, which means a difference between
images incident upon the left and right retinas while looking
at a 3D scene. This function of binocular disparity acts as a
critical depth clue which 1s used for depth sense or stereopsis
in the human visual system.

A 3D display apparatus 1s designed to display a 3D 1mage
by utilizing such a cognition mechanism of the human visual
system. Ever been proposed various types of 3D 1image dis-
play modes, a stereoscopic mode can be regarded as remark-
able on the aspect of technical reducibility and 3D display
capability at the time when this patent application 1s filed. In
a stereoscopic 3D display system, 1t 1s possible to realize
depth cognition or stereopsis through simulation with binocu-
lar disparity by rendering the left and rights eyes to receive
two 1mages that are independently taken by two image sen-
sors spaced 1n about 64 mm as like human’s eyes.

Here, 1t 1s necessary to exclude interference by controlling
two 1mages forming a couple of stereoscopic images, 1.¢., the
left and right images, to exactly be sent to the left and nght
eyes ol a user. There are several ways to control interference,
such as a polarization type (also called passive glasses type or
film patterned retarder (FPR) type) 1n which a phase modu-
lation plate 1s equipped on a display panel to generate
orthogonal polarization from left and rnght images and the left
and right images are respectively incident on user’s left and
right eyes through polarized filters embedded in glasses of the
user, an active glasses type (also called shutter glasses type) in
which left and right images are alternately applied to adisplay
panel and a user’s active glasses operates to alternately open
its leit and right shutters, a lenticular type in which a lenticular
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2

lens 1s employed to control a light path, a parallax barrier type
in which a parallax barrier electrically generated operates to

partly screen and then left and right 1mages are respectively
incident on the left and right eyes of a user.

At the times of this application, while the most widely case
of the stereoscopic 3D display system 1s generally known 1s
involved 1n television sets, there are also many technical
approaches to implement the stereoscopic 3D display into
monitors of personal computers (PCs), smart phones, and
data processing units such as tablet computers. Managing 3D
image signals 1n a data processing unit 1s normally conducted
by means ol an application program such as a multimedia
player. Comparative to a 2D 1mage playback technique sim-
ply decoding an original image signal, changing 1ts format
and then playing back the decoded and formatted original
image signal, playing back a 3D image could cause an opera-
tive burden to be increased as 1t 1s necessary to decode the 3D
image signal and mix left and right 1images.

Data processing apparatuses such as desktop or laptop
computers are easy to process 3D 1mage signals by applica-
tion programs because their own microprocessors have sul-
ficient performance 1n operation. To the contrary, portable
apparatuses, such as smart phones or tablet computers,
employing embedded slow processors in consideration of
power consumption and heat discharge, 1s nsuificient for
processing 3D image signals less than high-performance
computers do. Therefore, 1t at present 1s nevitable for the
portable apparatuses to result 1n low frame or bit rates, or low
degree of resolution in playing back 3D 1mages by application
programs. Especially, like a system adopting an android plat-
form, 1n case an application program 1s composed of binary
codes to be processed by a virtual machine such as Dalvic not
native codes such as C/C++, an execution rate of the applica-
tion program deeply downs. Additionally, in playing back a
3D 1mage only by means of an application program, 1t takes
much boot time because the application program becomes
larger 1n volume.

Considering those limitations, some types of portable
apparatuses have been playing back 3D 1mages by appending
chipsets thereto for the 3D image signal processing 1n addi-
tion to embedded processors. For this function, an android
platform 1s configured to embody hardware acceleration and
image processing by external hardware by way of Hardware
Abstraction Layer (HAL). However, such an additional
chupset could cause the prime cost and price, as well as
increasing an occupation area on a printed circuit board of the
apparatus.

SUMMARY OF THE INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention 1s to provide a method for
processing stereoscopic 1mage signals 1n high rate, while
reducing additional hardware components more than a pro-
cessor 1n a portable 3D display apparatus based on mobile
applicable platform.

Another aspect of the present invention 1s to provide a 3D
display apparatus operable based on mobile applicable plat-
form, portable, and capable of playing back stereoscopic
images 1n high rate without any hardware component like a
3D specific chipset.

Another aspect of the present imnvention 1s to provide a
method may be suitable for a portable terminal apparatus
equipped with a kernel layer directly controlling hardware
means including a display panel, and an application/middle-
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ware layer controlling the kernel layer to display a motion
picture through the hardware means.

In an exemplary embodiment of this method for image
signal processing, one or more plane 1mage surfaces are first
generated from the application/middleware layer and stored
in a first frame buifer. An encoded 1image signal 1s decoded
under the application/middleware layer to restore a YUV
image signal representing a stereoscopic 1mage pair. Subse-
quently, the YUV 1mage signal 1s converted into an RGB
image signal, and left and right images of the RGB image
signal are mixed at the kernel layer. A mixed stereoscopic
image signal 1s stored 1n a second frame buffer. Then, signals,
which are stored in the first and second frame buflers, are
composed 1n hardware by overlaying at the kernel layer and
the composite signal 1s transierred to the display panel. Thus,
a stereoscopic (3D) image 1s displayed on the display panel
along with a normal plane 1mage.

In storing the plane 1mage surface 1n the frame bufler, after
generating a plurality of plane image surfaces at the applica-
tion/middleware layer, the plane 1mage surfaces are com-
posed at the application/middleware layer and the composite
surface 1s stored 1n the first frame builer.

In generating and storing the mixed stereoscopic image
signal, the YUV 1mage signal 1s converted into the RGB
image signal and the RGB 1mage signal 1s stored 1mn a mix
buffer. Then, the left and right images of the RGB image
signal stored 1n the mix buffer mixed and the mixed stereo-
scopic 1mage signal 1s stored in an RGB buffer. The mixed
stereoscopic 1mage signal 1s transferred to the second frame
butiler from the RGB butfer. Here, converting the YUV 1mage
signal into the RGB 1mage signal 1s conducted at the kernel
layer.

In accordance with an aspect of the present invention, a
portable 3D display apparatus, abstracting a compressed
image signal from an original image signal by demultiplexing
and decoding the compressed image signal for display 1is
provided. The apparatus includes a display panel equipped
with a parallax barrier at the front and configured to display a
stereoscopic 1mage, a display controller configured to drive
the display panel, first and second frame builers configured to
respectively store at least parts of an 1image to appear at the
display panel through the display controller,

In accordance with an aspect of the present invention, a
microprocessor configured to control the multiplexing and
decoding and conduct a program 1s provided. The micropro-
cessor mcludes a kernel layer configured to directly control
the display panel, and an application/middleware layer con-
figured to control the kernel layer to display a motion picture
on the display panel.

The microprocessor may be configured to generate one or
more plane 1mage surfaces at the application/middleware
layer and store the plane 1image surfaces in the first frame
butlfer, decode an encoded 1mage signal under control of the
application/middleware layer and restore aYUV 1mage signal
to represent a stereoscopic image pair, convert the YUV
image signal ito an RGB 1mage signal, mix left and nght
images of the RGB 1image signal at the kernel layer, and store
a mixed stereoscopic 1image signal 1n the second frame butfer,
and compose signals of the first and second frame bufiers 1n
hardware by overlaying at the kernel layer and transfer the
composite signal to the display panel.

This 1image processing scheme by the exemplary embodi-
ments may be based on a program executable 1n a display
apparatus such as smart phone or tablet computer.

In accordance with an aspect of the present invention, a
recording medium comprising a display apparatus 1s pro-
vided. The display apparatus includes a display panel config-
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ured to display a stereoscopic 1mage, a display controller
configured to drive the display panel, first and second frame
builers configured to respectively store at least parts of an
image to appear at the display panel through the display
controller, and a microprocessor configured to operate under
a layer comprising: a kernel layer configured to directly con-
trol the display panel, and an application/middleware layer
configured to control the kernel layer to display a motion
picture on the display panel.

The microprocessor may be configured to: generate one or
more plane 1mage surfaces at the application/middleware
layer and store the plane 1image surfaces in the first frame
builer, decode an encoded 1mage signal under control of the
application/middleware layer and restore aYUV 1mage signal
to represent a stereoscopic i1mage pair, convert the YUV
image signal into an RGB 1mage signal, mix left and right
images of the RGB 1mage signal at the kernel layer, and store
a mixed stereoscopic image signal 1n the second frame butler,
and compose signals of the first and second frame buifers 1n
hardware by overlaying at the kernel layer and transfer the
composite signal to the display panel.

In another exemplary embodiment, a method of processing,

a 3D 1mage si1gnal, suitable for a portable terminal apparatus
equipped with hardware means having a display panel, a
kernel layer directly controlling the hardware means, an
application/middleware layer controlling the kernel layer to
display a motion picture through the hardware means, a 3D
image being displayed on the display panel along with a plane
image, may be comprised of: generating and storing one or
more plane 1mage surfaces i a plane image layer buifer,
decoding an encoded image signal under the application/
middleware layer and restoring a YUV 1image signal to rep-
resent a stereoscopic 1image pair, converting the YUV 1mage
signal into an RGB 1mage signal at the kernel layer, mixing
left and right images of the RGB 1mage signal at the applica-
tion/middleware layer, and storing a mixed stereoscopic
image signal in a stereoscopic image layer builer, and com-
posing signals, which are stored in the plane and stereoscopic
image layer butfers, at the application/middleware layer and
transierring the composite signal to the display panel.
In storing the plane 1image surface in the plane 1mage layer
builer, the plane 1mage surfaces are generated and stored
respectively 1n a plurality of plane image layer buifers. In
composing 1images, the signals, which are stored 1n the plane
and stereoscopic 1image layer bulifers, all composed.

In accordance with an aspect of the present invention, a
portable 3D display apparatus, abstracting a compressed
image signal from an original image signal by demultiplexing
and decoding the compressed image signal for display, 1s
provided. The portable 3D display apparatus includes a dis-
play panel equipped with a parallax barrier at the front and
configured to display a stereoscopic 1image, a display control-
ler configured to drive the display panel, a frame butfer con-
figured to store an 1mage which 1s to be displayed on the
display panel, and a microprocessor configured to configured
to control the multiplexing and decoding and conduct a pro-
gram comprising: a kernel layer configured to directly control
the display panel, and an application/middleware layer con-
figured to control the kernel layer to display a motion picture
on the display panel.

The microprocessor may be configured to: generate and
store one or more plane 1image surfaces 1n a plane 1image layer
builfer, decode an encoded image signal under the application/
middleware layer and restoring a YUV 1mage signal to rep-
resent a stereoscopic 1image pair, converting the YUV 1mage
signal into an RGB 1mage signal at the kernel layer, mixing
left and right images of the RGB 1mage signal at the applica-
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tion/middleware layer, and storing a mixed stereoscopic
image signal in a stereoscopic 1mage layer buifer, and com-
posing signals, which are stored in the plane and stereoscopic
image layer bullers, at the application/middleware layer and
transierring the composite signal to the display panel through
the frame buffer.

This 1image processing scheme by the exemplary embodi-
ments may be based on a program executable 1n a display
apparatus such as smart phone or tablet computer.

In accordance with an aspect of the present invention, a
display apparatus 1s provided. The display apparatus includes
a display panel configured to display a stereoscopic image, a
display controller configured to drive the display panel, a
frame builer configured to store at least a part of an 1image to
appear at the display panel through the display controller, and
a microprocessor configured to operate under a layer com-
prising: a kernel layer configured to directly control the dis-
play panel, and an application/middleware layer configured
to control the kernel layer to display a motion picture on the
display panel. Here, the microprocessor may be configured
to: generate and store one or more plane 1mage surfaces 1n a
plane 1mage layer buffer, decode an encoded image signal
under the application/middleware layer and restoring aYUV
image signal to represent a stereoscopic 1image pair, convert-
ing the YUV 1mage signal into an RGB image signal at the
kernel layer, mixing left and right images of the RGB 1mage
signal at the application/middleware layer, and storing a
mixed stereoscopic image signal 1n a stereoscopic image
layer butler, and composing signals, which are stored in the
plane and stereoscopic image layer butlers, at the application/
middleware layer and transierring the composite signal to the
display panel through the frame buiier.

According to exemplary embodiments of the present
invention, 1n playing back stereoscopic images within a por-
table apparatus such as a smart phone and a tablet computer,
the stereoscopic 1image signals can be processed on the most
merits of software, 1.e., of middleware and kernel layer above
all. Especially, playing back 3D images 1s accomplished by
rendering a procedure of mixing the leit and right images,
which needs the longest time in operation, to be processed
with a process blending or mixing plural images 1n an android
platform. Thus, a portable apparatus, adopting an embedded
processor slower than a desktop-based processor, can be
favored for playing back 3D images in high rate without
losing the rates relative to frame, bit or resolution.

It also lessens an 1increase on the volumes or sizes of oper-
ating system kernels, middleware or library files under the
hierarchical software structure.

Even employing hardware components in addition to the
embedded processor will not affect increasing a cost or price
of the portable apparatus 1n 1tself.

Moreover, a user can be provided with higher efficiency
and satisfaction of the portable apparatus, enjoying conve-
nient 3D watching environments without dizziness, since he
1s able to adjust a screen size and a parallax between lett and
right images 1n accordance with a distance between his eves
and the display screen.

A further understanding of the nature and advantages of the
present invention herein may be realized by reference to the
remaining portions of the specification and the attached draw-
Ings.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a block diagram 1llustrating a configuration of a
3D display apparatus according to an exemplary embodiment
of the present invention;

FIG. 2 1s a block diagram 1illustrating a functional structure
of a 3D 1mage playback program prosecuted by the micro-
processor shown mm FIG. 1 according to an exemplary
embodiment of the present invention;

FIG. 3 shows a pattern of mixing left and right images
according to an exemplary embodiment of the present inven-
tion;

FIG. 4 shows hierarchical layers formation for android
platforms and application programs executed in the display
apparatus of FIG. 1 according to an exemplary embodiment
of the present invention;

FIG. 5 15 a block diagram exemplarily illustrating classes
of Java and native stages for 3D display under the hierarchical
layers formation shown 1n FIG. 4 according to an exemplary
embodiment of the present invention;

FIG. 6 illustrates an output terminal configured for color
space conversion and mixing process with left and right
images 1n the display apparatus shown in FIG. 1 according to
an exemplary embodiment of the present invention;

FIGS. 7TA and 7B are flowcharts showing execution
sequences ol functions conducting the 3D 1image processing
in the configuration shown 1n FIG. 6 according to an exem-
plary embodiment of the present invention;

FIG. 8 15 a flowchart showing an overall procedure of 3D
image display by adopting the mixing process shown in FIG.
6 according to an exemplary embodiment of the present
imnvention;

FIG. 9 illustrates an output terminal configured for color
space conversion and mixing process with left and right
images 1n the display apparatus shown 1n FIG. 1 according to
an exemplary embodiment of the present invention;

FIG. 10 1s a flowchart showing an execution sequence of
functions conducting the 3D 1image processing 1n the configu-
ration shown in FIG. 9 according to an exemplary embodi-
ment of the present invention;

FIG. 11 1s a tlowchart showing an overall procedure of 3D
image display by adopting the mixing process shown in FIG.
9 according to an exemplary embodiment of the present
invention; and

FIG. 12 shows a pattern of menu displayed on the screen
when playing back a media file according to an exemplary
embodiment of the present invention.

Throughout the drawings, 1t should be noted that like ret-
erence numbers are used to depict the same or similar ele-
ments, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accompa-
nying drawings 1s provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as
defined by the claims and their equivalents. It includes vari-
ous speciiic details to assist in that understanding but these are
to be regarded as merely exemplary. Accordingly, those of
ordinary skill 1n the art will recognize that various changes
and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the
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invention. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used 1n the following description and
claims are not limited to the bibliographical meanings, but,
are merely used by the mnventor to enable a clear and consis-
tent understanding of the invention. Accordingly, it should be
apparent to those skilled in the art that the following descrip-
tion of exemplary embodiments of the present invention 1s
provided for illustration purpose only and not for the purpose
of limiting the invention as defined by the appended claims
and their equivalents.

It 1s to be understood that the singular forms “a,” “an™ and
“the” 1nclude the plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

In order to more specifically describe exemplary embodi-
ments, various aspects will be hereinafter described 1n detail
with reference to the attached drawings.

FIG. 1 1s a block diagram 1llustrating a configuration of a
3D display apparatus according to an exemplary embodiment
of the present invention.

Referring to FIG. 1, a 3D display apparatus (heremafter
referred to as ‘display apparatus’) according to an exemplary
embodiment of the present invention 1s configured by includ-
ing network interface 10, nonvolatile memory 20, micropro-
cessor 30, volatile memory 40, liquid crystal display (LCD)
controller 50, LCD panel 52, parallax barrier 54, barrier con-
troller 56, touch panel 60 and touch panel controller 62. In an
exemplary embodiment, the display apparatus may be a por-
table multimedia playback device (e.g., portable music
player; PMP). In another exemplary embodiment, the display
apparatus may be a smart phone or tablet computer having a
function of PMP, 1.e., a function of playing back multimedia
or motion pictures.

InFI1G. 1, the network interface 10 1s provided to couple up
the display apparatus to an external access pointer through a
wireless local area network (LAN) under the standard of
802.11 b/g/n, permitting the display apparatus to communi-
cate with an external internet server. Especially, 1n this exem-
plary embodiment, the network interface 10 renders the dis-
play apparatus to receive a data stream of 3D motion picture
from a streaming server.

The nonvolatile memory 20 1s fixed in or removable from
the display apparatus, storing 31D motion picture files.

The microprocessor 30 abstracts a compressed 1mage sig-
nal, by demultiplexing, from a data stream supplied from a
stream server or from a motion picture file stored in the
nonvolatile memory 20, and then decodes the compressed
image signal to restore a 3D 1mage signal. The microproces-
sor 30 also operates to divide left and right image signals from
the 3D 1mage signal and mix the left and right image signals.
In an exemplary embodiment, the 3D 1image playback process
such as demultiplexing, decoding and mixing executed by the
microprocessor 30 may be conducted through an android
platform and an application program based on the android
platiorm.

The volatile memory 40 functions as a physical buffer to
data generated while the microprocessor 30 1s operating.

In an exemplary embodiment, a motion picture stored in
the nonvolatile memory 20 may be formed in MPEG4 struc-
ture and an 1mage signal obtained from an MPEG4 container
may be compressed in the format of H.264 (a standard for
video compression). The image signal compressed under the
H.264 standard 1s released through decoding and converted
into a signal of YUV (Y: luminance, U: Cb, blue-difference
chrominance component, V: Cr, red-difference chrominance
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component) format. Then the 3D 1image signal of YUV format
1s converted into an RGB format by a postprocessor of the
microprocessor 30 and adjusted 1n size and orientation to be
adaptable to the LCD panel 52. As a result, the microproces-
sor 30 obtains a side-by-side 3D image signal of RGB format,
divides left and right images from the 3D 1image signal, and
then mixes the left and right images.

The LCD controller 50 accepts the mixed image signal

from the microprocessor 30 and makes the mixed image
displayed on the LCD panel 52.

In an exemplary embodiment, the display apparatus uses a
parallax barrier type to display left and right images 1n con-
sideration for the actuality that 1t 1s inconvenient to use a
polarized or shutter glasses 1n the environment of portable
devices. As illustrated 1n FIG. 1, the parallax barrier 54 1s set
at the front of the LCD panel 52, partly screening the LCD
panel 52 to make the left and right images transmitted respec-
tively to the left and right eyes. The barrier controller 56
selectively activates the parallax barrier 54 whether an 1mage
displayed on the LCD panel 52 1s 2D or 3D, and turns on the
parallax barrier 54 when the displayed image 1s 3D. Selecting
the 2D or 3D 1image 1s automatically executed by the micro-
processor 30 with reference to a control signal (e.g., image
attribute field of program specific mformation (PSI)) con-
tained 1n an original image signal. In the meantime, as shown
in FIG. 12, a user 1s able to select one of playback modes, 2D
or 3D, at the format selection menu bars marked on the screen
while an 1mage 1s playing.

The touch panel 60 functions as an mnput terminal of the
display apparatus. The touch panel controller 62 generates
and applies a digital coordinate signal, which 1s converted
from a signal sensed from the touch panel 60, to the micro-
processor 30.

FIG. 2 illustrates a functional structure of a 3D 1mage
playback program prosecuted by the microprocessor 30
according to an exemplary embodiment of the present inven-
tion. This program 1s functionally comprised of demultiplex-
ing sector 32, decoding sector 34, post-processing sector 36
and mixing sector 38.

Reterring to FIG. 2, the demultiplexing sector 32 operates
to demultiplex a data stream which 1s received from a stream-
ing server, or a motion picture file which 1s stored in the
nonvolatile memory 20, and then abstracts an 1image signal
which 1s compressed from a motion picture container (e.g.,
MPEG4 container). In an exemplary embodiment, an image
signal abstracted from an MPEG4 container may be com-
pressed in the format of H.264. In an exemplary embodiment,
the demultiplexing sector 32 may be composed in a multime-
dia framework (e.g., OpenCORE; developed by PacketVideo
Co.).

The decoding sector 34 operates to decode the compressed
image signal to restore the original 3D 1mage signal. In an
exemplary embodiment, this 3D 1mage signal 1s arranged 1n
the side-by-side pattern with left and right 1mages and repre-
sented 1n the YUV format with luminance and chrominance.
In an exemplary embodiment, the decoding sector 34 may be
formed of an H.264 decoder included in the multimedia
framework (e.g., OneCORE). The H.264 decoder 1s managed
by the multimedia framework.

The post-processing sector 36 accepts the 3D 1image signal
ol YUYV format, converts 1ts color space into the RGB format,
and adjusts its size and orientation to be adaptable to the LCD
panel 52. While this exemplary embodiment 1s proposed with
the post-processing sector 36 made of software, 1t may be
permissible for the post-processing sector 36 to be formed of
a hardware chipset for 2D 1mage processing.
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The mixing sector 38 accepts the 3D image signal of RGB
format from the post-processing sector 36 and then, as shown
in FI1G. 3, arranges the 3D 1image signals to be adaptable to the
architecture of the parallax barrier 54 by alternately disposing
its left and right images in the unit of vertical line.

In this exemplary embodiment, the program forming or
controlling the demultiplexing sector 32, the decoding sector
34 and the mixing sector 38 illustrated in FI1G. 2 15 dispersedly
composed of plural native stage services (i.e., libraries of
android platform) and plural class objects resident at a kernel
stage, not of a single program {ile, interfacing with class
objects on Java stage services (1.€., application program level)
through the Java native interface (JNI).

FIG. 4 shows hierarchical layers formation for android
platiorms and application programs executed in the display
apparatus ol FIG. 1 according to an exemplary embodiment
of the present invention.

Hereinafter, it should be noted that libraries and applica-
tion program frameworks, as well as application programs,
involved 1n processing 3D 1image signals 1n the descriptions
referring to FIG. 4 and other drawings or other subsequent
description are prepared from modilying libraries, applica-
tion program frameworks and application programs by the
present mvention. Since the first publication of ‘Android’
(July 2007) by Open Handset Alliance (OHA), Google set
and has been holding the standards for Linux kernel, general
library set and user interface in connection with android plat-
form. This android platform 1s intended to be an entirely open
platform and 1ts source codes are fully released to permit
anyone to fabricate software and devices therefrom. Espe-
cially, with respect to 1mage playback at such an android
platform, Google 1s proposing a prototype about class objects
and a service framework similar to the following explanation.
However those service framework and prototype are just for
two-dimensional image blending and mixture. Because of the
applicative limit of the conventional service framework and
prototype of class objects, the present invention 1s driven to
provide a solution of mixing left and right images for 3D
images by modifying and improving such two-dimensional
image blending and mixing techniques.

Referring to FIG. 4, the android platform includes a plu-
rality of layers of applications, application framework, librar-
ies and Linux kernel.

In an exemplary embodiment, the applications layer con-
tains multimedia player 100 supporting 3D image playback.
The multimedia player 100 1s comprised of user interface (UI)
function 102, menu indicating function 104 and playback
control function 106. The Ul function 102 sets an overall
composition of the mnitial and playing screens and changes 1t
by a user’s request. In particular, according to an exemplary
embodiment, the UI function 102 makes 1t enable forauser to
select whether to display an image in the 2D or 3D form,
adjust a disparity between left and right images, and activate
the playback control function 106. The multimedia player
100 may be programmed with Java byte codes. In the appli-
cations layer, additional application programs for managing
address 1index, call and web browsing may be prepared 1n the
display apparatus of FIG. 1.

The application framework layer regulates an application
programming interface (API) available for the application
program layer where the multimedia player 100 1s operating.
Especially, package manager 110 administers installation of
the application programs like the multimedia player 100.
Activity manager 112 checks up life cycles of the application
programs. Window manager 114 controls an overall pattern
of screen, 1.e., window, to be displayed on the LCD panel 52.
Resource manager 118 holds a resource of original data to be
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played back. In addition, the application framework layer
may further include a contents manager for data share
between application programs, an alert manager for an alert
from the other, a call manager for call operation, and a loca-
tion manager for location mformation.

The libraries layer 1s formed by filing common functions
from a lot of application programs. Each application program
can be executed by calling out 1ts corresponding library file
through the application program framework layer. Especially,
surface manager 120 1s a library for mixing a plurality of
pictures. Media framework 122 1s a library for playing and
recording 1mage files. OpenGL/ES 124 1s a type of 3D
graphic engine developed by AMD. Standard C-library (libc)
126 1s a typical C-language library. Additionally, the libraries
layer may include SQLite as a relational database manage-
ment system, Freelype for rendering bitmaps and vector
fonts, HTML for expressing browsers, Webkit as a rendering
engine, scalable graphic library (SGL) as a 2D graphic
engine, secure socket layer (SSL) and so on. All libraries of
the libraries layer may be composed of C or C++ language.

The Linux kernel 1s the center of the android platform,

controlling hardware components of the display apparatus.
Particularly, display driver 130, audio driver 132, keypad
driver 134 and barrier driver 136 control the LCD panel 52, a
speaker (not shown), the touch panel 60 and the parallax
barrier 54, respectively, in operation. Additionally, i the
Linux kernel may be included a power control program and
kernel programs for peripheral devices such as camera, blue-
tooth, tlash memory, USB interface, WiF1 interface and so on.

Although not shown 1n FIG. 4, the android platform may be
turther comprised of a core library based on Java language,
and a Davic virtual machine for executing Java byte codes.

In the hierarchical layers formation of FI1G. 4, the applica-
tion programs and the Java layers of the application frame-
work can be connected with C/C++ libraries by way of a
medium that 1s JNI. In detail, android application programs
operating on the Dalvic virtual machine are slower in process
than programs composed of native codes such as C/C++
language, whereas 1t 1s possible to enhance 1ts processing rate
by utilizing the C/C++ native code library to the utmost by
way of JNI. For the display apparatus according to the present
invention, the multimedia player 100 1s modified to have 3D
image playback facility by adding a 3D 1mage processing
function to the C/C++ native code library that has been pre-
pared for 2D 1mage processing, being controlled 1n operation
by way of JNI.

FIG. 5 1llustrates classes of Java and native stages for 3D
display under the hierarchical layers formation shown 1n FIG.
4 according to an exemplary embodiment of the present
invention. As a matter of convenience, a function included 1n
cach class of the Java stage will be referred to as “method’ and
a library program out of classes will be referred to as ‘func-
tion’.

Prior to explanation about the classes shown in FIG. 5,
several terms will be defined as follows.

Under the standard of android platform, *View’ 1s a unit of
user interface (UI), as a quadrangular area for processing
painting, key strokes, or other correlative events. The View
class acts to represent and occupy this View area.

Each activity can have one or more ‘Window’. The Win-
dow can have one or more ‘Surface’. Here, *Window’ repre-
sents pattern (1.¢., look-and-feel), position and menu of win-
dow elements to be displayed on the screen. The Window
class 1s a type of nonobjective class defining pattern and
background of the highest level window. Thus, an 1nstance
belonging to the Window class 1s used as the highest View.
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‘Surface’ means a buller prepared for painting on the
screen and managed by a screen composer. A surface 1s gen-
crated from SurfaceView class and defined 1n attribute by
Surface class.

Therefore, a plurality of surfaces can be generated and
maintained while an application program 1s operating, a part
of the surfaces being combined as Window by the Surface-
View class. During this, all Windows are formed with surface
objects located at the lower step of the screen. According as
surfaces relevant to the highest Window are transierred to a
frame buifer under control of WindowManager class, the
highest Window can be displayed on the View area. With such
a View or View groups, there are formed Ul and output
1mages.

Referring to FIG. 5, VideoView class mnstance 200 (here-
inafter, ‘class instance’ will be referred to as ‘class’ 1n conve-
nience), which 1s included in the multimedia player 100 that
1s an application program, 1s composed of Java byte codes,
rendering a user to search a media file from a streaming server
or the nonvolatile memory 20, count a file size, and select a
display option. The VideoView class 200 also helps the func-
tions of user mput detection, playback start, still, replay, end
point finding and so on. The VideoView class 200 requests
surface allocation to SurfaceView class 210 when the multi-
media player 100 starts.

MediaPlayer class 202 1s composed of Java byte codes,
controlling playback of audio/video files and streams. Once
the VideoView class 200 selects playback control function,
parameters relevant thereto are transierred to the Media-
Player class 202 and then the MediaPlayer class 202 begins
controlling the operation of playing back files and streams 1n
response to a selection from a user.

The SurfaceView class 210 1s composed of Java byte
codes, rendering a surface for painting to be generated with
embedment at the exact position on the screen and making the
generated surface to be adjusted in format and size. One
application program 1s allocated to one or more surfaces. In
particular, according to this exemplary embodiment, the sur-
face may be generated 1n response to a request of the Video-
View mstance 200. This surface allocation can be even carried
out with WindowManager class 220.

The surface 1s disposed along a virtual axis vertical to the
/-axis, 1.e., the panel plane, at the backside of the Window
occupying SurfaceView. The SurfaceView class 210 makes
surfaces to be properly displayed through a hold 1n the Win-
dow. During this, mixing surfaces 1s correctly managed 1n
accordance with the hierarchical View architecture. In the
meantime, the surface 1s generated when Window involved in
SurfaceVeiw 1s visible.

The SurfaceView class 210 1s cooperatively functioning,
with LayerButfer class 250 which manages the post-process-
ing sector 36. The SurfaceView class 210 also functions to
control SurfaceFlinger class 262 through the WindowMan-
ager class 220.

Surface class 212 defines display styles such as blurring,
dimming, rotating, hiding, freezing and so on for a surface
generated by the SurfaceView class 210.

SurfaceHolder interface 214 1s a nonobjective interface to
surface 1tself, 1.e., a bufler occupying the surface. The Sur-
taceHolder interface 214 renders a user to adjust a size and
format of surface, edit pixels of surface, or monitor a changed
matter of surface.

The WindowManager class 220 1s a type of APl assigned to
Java application framework. Especially, in this exemplary
embodiment, the WindowManager class 220 1s provided to
manage transier of surfaces to the frame butfer by controlling,
the SurfaceFlinger class 262 by way of SurfaceComposer
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class 260 of the native stage in order to mix left and right
images constituting a stereoscopic 1mage pair.

MediaPlayer class 230 makes MediaPlayerServiceClient
class 232 select an appropriate media subsystem or player 1n
accordance with parameters accepted from the MediaPlayer
class 202, and controls media playback by way of the Media-
PlayerServiceClient class 232. The MediaPlayer class 230
also informs the MediaPlayer class 202 of a playback status.

The MediaPlayerServiceClient class 232 helps selecting
the media subsystem 240 1n accordance with parameters
transierred through the MediaPlayer class 230, searching a
media file from the streaming server or the nonvolatile
memory 20, and rendering the media subsystem 240 to
demultiplex and decode the media file which 1s to be played.
The display apparatus according to the exemplary embodi-
ments 1s also available with 2D 1mages or audio files in media
style, not with 3D images only, and adaptable to various
formats of media signals. For this generic utility, the Media-
PlayerServiceClient class 232 enables the media subsystem
240 proper to a media file to be played, or a subsystem
previously selected by a user.

While FIG. 5 simply shows one of the media subsystem
240, 1t should be understand that pluralities of subsystems
may be prepared on selection by the MediaPlayerService
class 232. From this exemplary embodiment, the media sub-
system 240 1s established on the basis of the OpenCORE
framework of PacketVideo Co., including playerDriver class
242, PVPlayer class 244, video CODEC 246 and an audio
CODEC (not shown).

The PlayerDriver class 242 operates to generate a thread
for the PVPlayer class 244 and makes the PVPlayer class 244
demultiplex media data and abstract a compressed 1mage
signal from the container (e.g., MPEG4 container). The video
CODEC 246 decodes the compressed image signal to restore
the original image. The restored 1mage signal may be a 3D
image signal of side-by-side style set 1n the YUV format.

AndroidSurfacOutput class 248 transfers a YUV 1mage
signal from the video CODEC 246 to LayerBulifer class 250.

The LayerButler class 250 recerves a bit stream ol the YUV
image signal and manages data of YUV 1mage signals to be
used for the next process of RGB color space conversion and
left/right image composition. SurfaceFlinger class 262 man-
ages the frame butler, which displays an image signal on the
LCD panel 52, under control of SurtaceComposer class 260.
The SurfaceComposer class 260 functions to merge layered
surfaces by rendering the surfaces, which are assigned to
individual application programs, to the frame builer.

FIG. 6 illustrates an output terminal configured for color
space conversion and mixing process with left and right
images 1n the display apparatus shown in FIG. 1 according to
an exemplary embodiment of the present invention. The pro-
cess of the output terminal composes a 3D 1mage by mixing
left and right 1mages that form a stereoscopic image pair, and
outputs a composite image of plural plane 1mages along with
the 3D 1mage. Here, the plural plane images are composed in
soltware though SurfaceFlinger class 262A. The composite
plane and 3D 1mages are composed in hardware in the LCD

controller 530 through an overlay function of frame buffers
296 and 298.

First and second layer butlers 270A and 270B, as surface
builers used by the SurfaceFlinger class 262A, are each stor-
ing normal plane images (1.¢., still images) generated through
a variety of activities that are types of Java applications. This
plane image has a general rendering characteristic, which for
example may be information about title and menu attendantly
displayed on the screen while 3D 1image contents are playing

back.
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The SurfaceFlinger class 262A functions to compose
memory data of layered structure like surface data stored in
the first and second layer butfers 270 A and 270B by rendering
plural surfaces to the first frame butler 296 1n one.

Since a normal plane 1image 1s few variable 1n the screen,
even composing it by the SurfaceFlinger class 262A 1n sofit-
ware mode rarely affect the system. However, a mobile man-
agement system would be caused to meet with a larger
amount of load if such a normal plane 1image 1s composed
with surfaces, which 1s set to perform motion picture display
or camera (not shown in FIG. 1) preview, by the Surface-
Flinger class 262A. For that reason, this exemplary embodi-
ment 1s reduced such that the SurfaceFlinger class 262A
composes normal plane 1image surfaces only, but not mixed
3D 1mage surtaces.

According to this exemplary embodiment, the second
frame buffer 298 1s arranged exclusively for processing 3D
motion picture display and camera preview. The LCD con-
troller 50 merges the first and second frame butlers 296 and
298 1n hardware by way of overlay function and transiers
outputs of the buifers into the LCD panel 52, making there-
fore 1t enable to process image signals 1n a very high rate. API
controlling this function 1s called Video 4 Linux 2 (V4L2).

to the AdroidSurtaceOutput

This V4L.2 API 1s transferred
class 248 by way of the LayerButlfer class 250, being condi-
tioned under control of its correspondent class.

In Kernal stage, there 1s additionally provided YUV butler
280, the postprocessor 36, 2DD/3D switch 282A, RGB butfer
284 A, mix buffer 290A, conducting 1image mixing process
292A

The YUV butfer 280 receives a YUV 1mage signal trough
the LayerButlfer class 250. The postprocessor 36 converts the
YUYV 1mage signal to an RGB image signal under control of

the ServiceFlinger class 262A or the LayerBuller service
250.

The 2D/3D switch 282A transfers an RGB 1mage signal
from the postprocessor 36 directly to the RGB buffer 284 A 1f
an 1mage signal 1s a 2D 1mage signal. But 1f an image signal
1s a 3D 1mage signal, the 2D/3D switch 282A transiers an
RGB signal from the postprocessor 36 to the mix buifer 290A
so as to mix left and right 1mages, which 1s contained 1n the
RGB 1mage signal, by means of the image mixing process
292A.

In an exemplary embodiment, determining whether an
image signal 1s 2D or 3D 1s accomplished with reference to a
control signal (e.g., program specification information; PSI)
included 1n an original image signal. This determination may
be carried out at the application layer and then a determined
result may be transierred to the 2DD/3D switch 282A, or result
directly from the 2D/3D switch 282 A. On the other hand, the
2D/3D switch 282 A may be changeable in switching opera-
tion according as that a user selects a playback type, 2D or 3D,
from a pocket selection menu marked on the screen while an
image 1s playing back. Otherwise, a terminal apparatus may
be equipped with a mechanical switch to select 2D or 3D.

The 1mage mixing process 292A operates to mix left and
right images, which are contained 1n an RGB 1mage stored in
the mix buffer 290A, on a lengthwise line. In this exemplary
embodiment, the 1mage mixing process 292A 1s executed at
the kernel stage. In other words, mixing left and right images
by this exemplary embodiment 1s directly processed at the
kernel stage, not at a middleware stage in the android frame-
work.

In detail about the procedure of 3D mixing with left and
right images, the image mixing process 292 A does not trans-
fer bit streams 1n sequence, but copy by alternately abstract-
ing pixels from the parts of left and right images 1n the 3D
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RGB mmage of side-by-side format, in sending the bit streams
of image signals to the RGB builer 284 A from the mix buffer
290A. That1s, the image mixing process 292 A abstracts a first
left image pixel 1n the unit of scan line from an RGB 1mage
shown at the left side of FIG. 3 and transiers the first left
image pixel to a first pixel position of the RGB builer 284 A,
and then abstracts a first right image pixel 1n the unit of scan
line from the RGB 1mage and disposes the first right image
pixel at a second pixel position of the RGB buller 284 A.
Subsequently, the 1mage mixing process 292A abstracts a
second left image pixel from the RGB 1mage of the mix buffer
290A and transfers the second left image pixel to a third pixel
position of the RGB builler 284 A, and then abstracts a second
right 1mage pixel from the RGB 1mage and disposes the
second right image pixel at a fourth pixel position of the RGB
buifer 284A. By conducting this sequence over the RGB
image, the RGB butier 284 A takes and stores a mixed image
where left and right images are alternately arranged 1n the unit
of vertical line.

In the output terminal shown in FIG. 6, considering the
flow of plane 1image surfaces for general Java applications
processed by the SurfaceFlinger class 262A, the surfaces
respective to Java applications are merged by the Surface-
Flinger class 262A which performs software composition and
then transtierred to the first frame butler 296.

To the contrary, since other surfaces, which are processed
during application for motion picture playback or camera
preview, may be degraded in performance when they are
composed 1n software by means of the SurfaceFlinger class
262 A, they are transierred directly to the second frame butifer
298, which 1s exclusively assigned thereto, without passing
through the SurfaceFlinger class 262A. Then, the first and
second frame bulfers 296 and 298 are merged by the LCD
controller 50 1n hardware.

With respect to a process with motion picture surfaces, a
YUV mmage stored in the YUV butler 280 1s converted into an
RGB 1mage by the postprocessor 36 and scaled to fit for a
screen size. 11 the 21/3D switch 282A is set 1n the 2D mode,
a normal 2D 1mage 1s transierred to the second frame butifer
298 aftter first storing 1n the RGB bulfer 284A. On the other
side, 11 the 2D/3D switch 282 A 1s set in the 3D mode, an RGB
image output from the postprocessor 36 1s copied 1into the mix
buifer 290A. Then, leit and right images contained 1n the
RGB 1 Image stored 1n the mix builer 290A are mixed by the
image mixing process 292A and stored in the RGB butfer
294 A as a mixed RGB bit stream.

Afterward, the mixed RGB bit stream stored in the RGB
bufler 294 A 1s transierred to the second frame builer 298 that
1s exclusive for motion picture. Data stored in the first and
second frame builers 296 and 298 are composed 1n hardware
by overlaying through the LCD controller 50. When the com-
posite 3D 1mage 1s displayed on the LCD panel 52, a user
facing the parallax barrier 34 1s able to watch a stereoscopic
3D 1image together with a title and/or menu.

According to this exemplary embodiment, the flow of sur-
faces relevant to the 3D motion picture mixing has an effect of
entirely shortening a processing time because 1t proceeds
directly through the kernel stage, not through a middleware
stage, such that the surfaces are not copied 1n the native stage,
and the surfaces are not composed 1n software by the Surface-
Flinger class 262A.

FIGS. 7TA and 7B are flowcharts showing execution
sequences ol functions conducting the 3D 1image processing,
in the configuration shown 1n FIG. 6 according to an exem-
plary embodiment of the present invention.

If a YUV 1mmage signal decoded from the video CODEC

246 appears inresponse to atimer’s synchronization, member
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function write Async( ) 1s executed every predetermined time
for synchronization with audio in AndroidSurfaceOutput
class 250 (S300). The member function writeAsync( )

invokes function WriteFrameButter( ) to copy an image sig-

nal into a buffer of the postprocessor for the purpose of 5

conversion from a decoded YUYV signal to an RGB signal
(S302). The function WnteFrameBuller( ) transfers a
decoded media bit stream to SurfaceLayerBullfer class that 1s
a subclass of the LayerButler class 250.

The decoded YUYV bit stream 1s transierred to the Layer-
Buftler class 250 by function postBulfer( ) of the SurfacelLay-
erButler class (S304) and then transferred to BuilerSource
class, which 1s another class of the LayerButfer class 250, by
the Tunction postButler( ) (S306).

The function postBuffer( ) of the BufferSource class
enables the postprocessor 36 to convert a YUV 1mage signal
into an RGB 1image signal while the YUYV bit stream 1s storing
in the YUV bulfer 280 (S308). For this conversion, the func-
tion postBuller( ) invokes V412 API.

From step S310 until step S324, functions for converting
the YUV 1mage signal to the RGB image signal are invoked
and finally a control signal 1s granted to the postprocessor 36
for conversion from the YUV image signal into the RGB
image signal, resulting 1n color space conversion to the RGB
format.

First, in step S310, a physical address of data to transfer the
YUV bit stream 1s set by function Fimc_set DMA_ad-
dress( ) of the BuflerSource class.

In step S312, after function Fimc_V4L2_queue( ) defines a
s1ze of a bufler to be used for converting the YUV 1mage
signal into the RGB 1mage signal, function 1octl( ) 1s invoked
to execute device drivers of the kernel stage (S314).

The programming flow from step S316 is a kernel process
tor the device drivers at the kernel stage executed by a V4L.2
interface driver of the kernel stage. In step S316, the V4L.2
interface driver of the kernel stage begins driving to 1identily
a source of the YUV 1mage signal and a status of the postpro-
cessor 36. And the postprocessor 36 1s open by function
V4L2_1octl( ). Function Fimc_gbui( ) finds a type of current
task, e.g., whether ‘video capture’ or ‘video output’. If the
current task 1s ‘video output’, function Fimc, ; gbul_output( )
1s 1nvoked (S318). The function Fimc_gbul_output( ) deter-
mines to add a butler to an incoming queue after checking up
that the bufler 1s available to conduct a direct memory access
(DMA) toward the postprocessor 26 (5S320). Next, function
Fimc_gbul_output_dma_auto( ) updates a position of the
area to be converted in color space (S322). Then, function
Fimc_outdev_start_camii( ) starts RGB conversion with the
postprocessor 36 (5324)

Steps S326 through S330, for mixing left and right images,
are an 1nterrupt service routine executed by an interrupt
occurring after the postprocessor 36 completes the color
space conversion from YUV 1mage to RGB 1mage.

Whenever completing the color space conversion from
YUV mmage to RGB 1mage for each frame, the interrupt
occurs 1n the postprocessor 36 and function Fimc_irq( ) 1s
invoked (S326). Under the mode of “video output’, the tunc-
tion Fimc_irq( ) invokes function Fimc_1rg_out( ) (328) and
the function Fimc_1irg_out( ) mmvokes function Fimc_1rg_
out_dma( ).

The function Fimc_irg_out_dma( ) mixes left and right

images from an RGB bit stream and then transtfers the mixed
RGN image to the second frame butier 298 through the RGB

builter 284 A (330).

In detail, the RGB bit stream 1s not transierred in sequence,
but transferred in the manner that left and right image pixels
are alternately abstracted from a 3D RGB 1mage of side-by-
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side format. In other words, the function Fimc_irg_out_
dma( ) abstracts a first leit image pixel 1n the unit of scan line
from an RGB 1mage and transters the first leit image pixel to
a first pixel position of the RGB buller 284A, and then
abstracts a first right image pixel 1n the unit of scan line from
the RGB 1mage and disposes the first right image pixel at a
second pixel position of the RGB bufler 284A. Next, the
function Fimc_1rg_out_dma( ) abstracts a second left image
pixel from the RGB 1image and transters the second left image
pixel to a third pixel position of the RGB butifer 284 A, and
then abstracts a second right image pixel from the RGB image
and disposes the second right image pixel at a fourth pixel
position of the RGB bulfler 284A. By conducting this
sequence over the RGB 1mage, the RGB buifler 284A takes
and stores a mixed 1mage where left and right images are
alternately arranged 1n the unit of vertical line.

Owing to the function Fimc_irg_out_dma( ), the mixed
RGB bit stream can be transierred by DMA to the second
frame buifer 298 that 1s exclusive for motion picture process-
ing.

FIG. 8 15 a flowchart showing an overall procedure of 3D
image display by adopting the mixing process shown in FIG.
6 according to an exemplary embodiment of the present
ivention.

A user executes the multimedia player 100 and selects a
media file (8350). During this, 1t 1s even permissible for a user
to select a media file before executing the multimedia player
100.

In step S3352, the VideoView class 200 of the multimedia
player 100 requests surface allocation from the SurfaceView
class 210. The SurfaceView class 210 for generating and
managing a surface, but not creating the surface by itself, just
requests the surface from the WindowManager class 220
which generally manages surfaces. The WindowManager
class 220 requested by the SurfaceView class 210 requests a
surface from the SurfaceFlinger class 262 by way of JNI and
then the SurfaceFlinger class 262 allocates the requested
surface. The allocated surface 1s conditioned to be transferred
to the MediaPlayer 230 where that 1s to be used practically.

In step S354, the VideoView class 200 searches a media
player engine (e.g., the PVPlayer 244 shown in FI1G. 5), which
functions to conduct an 1image playback operation, through
the MediaPlayer class 202. Consequently, the PVPlayer 244
can be selected as an example. The VideoView class 200
transfers the allocated surface and the selected media file to
the selected media player engine (1.¢., the PVPlayer 244).
Then, the PVPlayer 244 begins preparing to play the selected
media file and enables the video CODEC 246, which 1s
present in the OpenCORE framework, to be executed through
the PlayerDriver 242. And the PVPlayer 244 connects the
surface, which 1s to be used, with the video CODEC 246 by
way of the AndroidSurfaceOutput class 246.

In step S356, according to an activation of the PVPlayer
244, the original data 1s demultiplexed and decoded. Here, the
original data may be a data stream received from a streaming
server, or a multimedia file stored 1n the memory 20, being
structured 1n a container form compositively with pluralities
of contents such as image, audio, data and so on. The
PVPlayer 244 abstracts a motion picture source from the
container by demultiplexing the original data. The video
CODEC 246 decodes the motion picture source that 1s com-
pressed, and outputs YUV video frame data. This YUV 1mage
signal output from the video CODEC 246 1s transierred to the
LayerButlfer class 250 by way of the PlayerDriver 242 and the
AndroidSurfaceOutput class 248.

In step S338, the YUV 1mage signal transferred to the
LayerBufttfer class 250 1s converted into an RGB 1mage signal
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by the postprocessor 36 under control of SurfacelLayerBuiler
class that 1s a subclass of the LayerBuffer class 250. The RGB
image signal converted by the postprocessor 36 1s transferred
to an allocated surface butfer, 1.e., the RGB bulfer 284A.

If the RGB 1mage signal 1s configured i 2D, it 1s trans-
terred to the second frame butfer 298 of the kernel stage from
the RGB buifer 284 A, composed in hardware with Surfacel

and Surface2 corresponding to normal plane 1mages 1n the
LCD controller 50, and then displayed on the LCD panel 52.
On the other hand, 1f the RGB 1mage signal 1s configured 1n
3D, the SurfaceFlinger class 262 enables an overlay class of
the postproces sor 36 to prosecute the overlay function against
the 1mage that has been converted i the RGB color space.

Thus, left/right 1image pairs contained 1n the RGB 1mage
signal are alternately mixed and stored in the RGB buller
284 A and then transferred to the second frame builer 298 1n
DMA mode. The mixed RGB 1mage, aiter composed with
Surfacel and Surface2, which are stored in the first frame
butler 296 1n correspondence with a normal plane 1mage, in
the LCD controller 50, 1s displayed on the LCD panel 52 as a
3D 1mage (S360).

Steps S356 through S360 are repeated until the original
data 1s completely played back.

FI1G. 9 illustrates an output terminal configured for color
space conversion and mixing process with left and right
images in the display apparatus shown 1n FIG. 1 according to
an exemplary embodiment of the present invention.

Referring to FIG. 9, the process of this output terminal 1s
configured to compose a 3D 1mage by mixing left and night
images forming a stereoscopic 1mage patir, also offering one
or more composite normal plane images along with such a3D
image. Here, the 3D 1mage and a plurality of normal plane
images are composed 1n software by means of SurfaceFlinger
class 262B.

In this exemplary embodiment, the native stage 1s com-
prised of the first through third layer buifers 270A~270C,
2D/3D switch 282B and mix buffer 290B, prosecuting image
mixing process 292B8.

The first and second layer buffers, 270A and 270B, are
general surface builers used by the SurfaceFlinger class
262B, storing normal plane 1mage surfaces generated by a
Variety of activities which are Java applications. These plane
images, having general rendering characteristics, may be
information of titles and menus accompanied while playing
texts, rendered 3D 1images or 3D 1mage contents.

The third layer buifer 270C 1s provided for processing 3D
motion picture display or camera preview. Motion picture
data stored 1n the third layer bufler 270C may be supplied
from the kernel stage. In the kernel stage, the YUV butifer 280
receives a Y UV 1mage signal from the LayerBuliler class 2350
and the postprocessor 36 converts the bufifered YUV image
signal into an RGB 1mage signal under control of the Service-
Flinger class 262B or the LayerButfer service 250. The RGB
image signal converted from the YUV image signal 1s stored
in RGB builer 284B. The 2DD/3D switch transfers the RGB
image signal directly to the third layer butler 270C from the
RGB buifer 284B if the image signal to be played back 1s
configured 1n 2D, or i the 1mage signal to be played back 1s
configured 1n 3D, transiers the RGB builer 284B to the mix
butfer 290B so as to make the image mixing process 292B
mix left and right images of the RGB 1mage signals. This
mixed RGB 1mage signal 1s then stored in the third layer
butter 270C.

In detail for the mixing process with left and right images,
the 1image mixing process 292B does not transier bit streams
in sequence, but copy by alternately abstracting pixels from
the parts of left and right images 1n the 3D RGB 1mage of
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side-by-side format, 1n sending the bit streams of 1mage sig-
nals to the third layer buifer 270C from the mix butier 290B.

That 1s, the 1image mixing process 292B abstracts a first left
image pixel 1n the unit of scan line and transters the first left
image pixel to a first pixel position of the third layer butfer
270C, and then abstracts a first right image pixel 1n the unmit of
scan line and disposes the first right image pixel at a second
pixel position of the third layer buffer 270A. Subsequently,
the image mixing process 292B abstracts a second left image
pixel from the RGB 1mage of the mix builer 2908 and trans-
fers the second left image pixel to a third pixel position of the
third layer buffer 270C, and then abstracts a second right
image pixel from the RGB image and disposes the second
right image pixel at a fourth pixel position of the third layer
buifer 270C. By conducting this sequence over the RGB
image, the third butfer 270C takes and stores a mixed image
where left and right images are alternately arranged 1n the unit
of vertical line.

The SurfaceFlinger class 262B, by gathering a motion
picture surface (e.g., Surtace3) with the normal plane sur-
faces Surfacel and Surface2 and rendering them to the frame
butiter 296, functions to compose layered data store in the first
through third later butfers 270A~270C.

In this output terminal shown in FIG. 9, regarding an opera-
tion flow of plane 1image surfaces for general Java applica-
tions, the surfaces respectively allocated to Java applications
are composed 1n software by the SurfaceFlinger class 262B
and then transierred to the frame butfer 296.

According to this exemplary embodiment, even the surface
(e.g., Surface3) processed during an application for motion
picture playback or camera preview 1s also composed 1n soft-
ware by the SurfaceFlinger class 262B.

With respect to a procedure of processing a motion picture
surface, a YUV 1mage stored in the YUV butfer 280 1s con-
verted into an RGB 1mage by the postprocessor 36 and then
scaled to be fit for a screen size of the LCD panel 52. If the
2D/3D switch 282B 1s set on 2D mode, a normal 2D image 1s
directly stored in the third layer butter 270C, transterred to
the SurtaceFlinger class 262B, composed with other surfaces,
and then transferred to the frame bufler 296. If the 2D/3D
switch 282B 1s set on 3D mode, an RGB 1mage stored 1n the
RGB buifer 284B 1s copied to the mix buffer 290B of the
native stage. Left and right images of the RGB 1 image stored
in the mix butler 290B are mixed by the image mixing process
2928 and then transferred to the third layer butier 270C. The
mixed RGB 1image 1s transferred to the SurfaceFlinger class
2628, composed with other surfaces, transferred to the frame
builer 296, and then displayed on the LCD panel 52 1n 3D
mode along with 1ts title and/or menu.

After that, a 3D RGB bait stream stored 1n the third layer
butter 270C 1s transierred to the SurfaceFlinger class 262B
and composed with other surfaces. The composed 1mage 1s
transierred to the frame bufler 296 and displayed on the LCD
panel 52 by way of the LCD controller 50. Thus, a use facing
the parallax barrier 54 1s able to identily a stereoscopic 3D
1mage.

Although 1t would be something longer than the former
exemplary embodiment shown 1n FIG. 6 1n an overall com-
position time, this exemplary embodiment shown in FIG. 9
can be suitable for terminal apparatuses comprising small
LCD panels or processing animation images, which espe-
cially have lower number of polygons by rendering, rather
than real-time 1mages since the motion picture surface 1s
copied mto middleware, 1.¢., the native stage, and composed
with other surfaces in software by the SurfaceFlinger class

20628.
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FIG. 10 shows an execution sequence of functions con-
ducting the 3D 1image processing 1n the configuration shown
in FIG. 9 according to an exemplary embodiment of the

present invention.
If a YUV image signal decoded from the video CODEC
246 appears 1n response to a timer’s synchronization, the

member function writeAsync( ) 1s executed every predeter-
mined time in the AndroidSurfaceOutput class 250 (S300).
The member function writeAsync( ) invokes the function

WriteFrameBultler( ) to copy an image signal into a builer of

the postprocessor for the purpose of conversion from a
decoded YUYV signal to an RGB signal (8302). The function

WriteFrameBultler( ) transfers a decoded media bit stream to
SurfaceLayerBuller class that 1s a subclass of the Layer-

Bufier class 250.
The decoded YUYV bit stream 1s transierred to the Layer-
Buftfer class 250 by function postButfer( ) of the SurfacelLay-

erBufler class (S304) and then transierred to the Buller-
Source class, which 1s another class of the LayerBuiler class
250, by the function postButier( ) (S306).

The function postBuller( ) of the BuflerSource class
enables the postprocessor 36 to convert a YUV 1mage signal
into an RGB 1image signal while the YUYV bit stream 1s storing
in the YUV butler 280 (5308).

After the conversion from the YUV 1image signal into the
RGB 1mage signal, callback function onDraw( ) of the Lay-
erBuffer class 250 1s invoked (5S410). The function
onDraw( ) alternately abstracts pixels from parts of leit and
right images of a side-by-side 3D RGB 1mage, and inserts and
disposes the abstracted pixels on a new surface. For instance,
the function onDraw( ) abstracts a first left image pixel in the
unit of scan line from an RGB 1mage and disposes the first left
image pixel to a first pixel position of a new surface, and then
abstracts a first right image pixel 1n the unit of scan line from
the RGB 1mage and disposes the first right image pixel at a
second pixel position of the new surface. Next, the function
onDraw( ) abstracts a second left image pixel from the RGB
image and disposes the second left image pixel to a third pixel
position of the new surface, and then abstracts a second right
image pixel from the RGB 1mage and disposes the second
right image pixel at a fourth pixel position of the new surtace.
By conducting this sequence over the RGB 1mage, the new
surface on the screen 1s formed such that the left and rnight
images are alternately arranged 1n the unit of vertical line.

After mixing the left and right RGB images, the function
onDraw( ) of the BulferSource service transfers an end signal
to the SurfaceFlinger class 262B, enabling the SurfaceFlinger
class 262B to output the mixed RGB 1mage data to the frame
butiler 296 along with other surfaces Surfacel and Surface?2
(S412).

FI1G. 11 shows an overall procedure of 3D 1mage display by
adopting the mixing process shown 1n FIG. 9 according to an
exemplary embodiment of the present mnvention.

A user executes the multimedia player 100 and selects a
media file (S450). During this, 1t 1s even permissible for a user
to select a media file before executing the multimedia player
100.

In step S452, the VideoView class 200 of the multimedia
player 100 requests surface allocation from the SurfaceView
class 210. The SurfaceView class 210 for generating and
managing a surface, but not creating the surface by 1tself, just
requests the surface from the WindowManager class 220
which generally manages surfaces. The WindowManager
class 220 requested by the SurfaceView class 210 requests a
surface from the SurfaceFlinger class 262 by way of JNI and
then the SurfaceFlinger class 262 allocates the requested
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surface. The allocated surface 1s conditioned to be transterred
to the MediaPlayer 230 where that 1s to be used practically.

In step S454, the VideoView class 200 searches a media
playerengine (e.g., the PVPlayer 244 shown 1n F1G. 5), which
functions to conduct an 1mage playback operation, through
the MediaPlayer class 202. Consequently, the PVPlayer 244
can be selected as an example. The VideoView class 200
transfers the allocated surface and the selected media file to
the selected media player engine (1.e., the PVPlayer 244).
Then, the PVPlayer 244 begins preparing to play the selected
media file and enables the video CODEC 246, which 1s
present inthe OpenCORE framework, to be executed through
the PlayerDriver 242. And the PVPlayer 244 connects the
surface, which 1s to be used, with the video CODEC 246 by
way of the AndroidSurfaceOutput class 246.

In step S456, according to an activation of the PVPlayer
244, the original data 1s demultiplexed and decoded. Here, the
original data may be a data stream recerved from a streaming
server, or a multimedia file stored 1n the memory 20, being
structured 1n a container form compositively with pluralities
of contents such as image, audio, data and so on. The
PVPlayer 244 abstracts a motion picture source from the
container by demultiplexing the original data. The video
CODEC 246 decodes the motion picture source that 1s com-
pressed, and outputs YUV video frame data. This YUYV 1mage
signal output from the video CODEC 246 1s transierred to the
LayerButler class 250 by way of the PlayerDriver 242 and the
AndroidSurfaceOutput class 248.

In step S458, the YUV 1mage signal transferred to the
LayerBuftlfer class 250 1s converted into an RGB 1mage signal
by the postprocessor 36 under control of Surfacel.ayerBuiler
class thatis a subclass of the LayerButfer class 250. The RGB
image signal converted by the postprocessor 36 1s transferred
to an allocated surface butfer, 1.e., the RGB buifer 284A.

If the RGB 1mage signal 1s configured i 2D, 1t 1s trans-
terred to the third layer buffer 270C under control of the
SurfaceFlinger class 262B, and composed 1n software with
the normal plane 1mage surfaces Surfacel and Surface2 by
the SurfaceFlinger class 262B. This composited RGB image
signal 1s transierred to the frame buller 296 and then dis-
played as an 1mage on the LCD panel 52. On the other hand,
if the RGB 1mage signal 1s configured 1n 3D, the RGB 1mage
signal stored 1in the RGB bulfer 284B i1s copied to the mix
butilfer 2908 and mixed with its leit and right images through
the image mixing process 292B. The mixed 3D RGB 1mage 1s
transierred to the third layer buifer 270C and then composed
with the normal plane image surfaces Surfacel and Surface?2
in software by the SurfaceFlinger class 262B (5460). The
composed 1image 51gnal 1s displayed on the LCD panel 52 by
way ol the frame butler 296, showing a stereoscopic effect by
virtue of the parallax barrier 54.

Steps S456 through S460 are repeated until the original
data 1s completely played back.

The multimedia player 100 of the 3D display apparatus
according to the exemplary embodiments may be present by
an executable 1icon on a user interface displayed on the LCD
panel 52. If the 1con 1s selected, i1ts corresponding program 1s
executed with displaying a file index and a selected media file
begins to be played. In the meantime, when a user selects a
media file or a page containing a media file to be played while
he 1s 1n connection with a website, 1t 1s permissible to provide
the selected media file 1n the form of streaming mode.

In an exemplary embodiment, as illustrated in FIG. 12, an
operation menu 500 may be displayed on the screen while an
image 1s being played back. The operation menu 500 select-
able by a user may be comprised of selection buttons such as

‘Start/Pause’ 502, ‘Restart’ 504, ‘Back’ 506, ‘2D/3D’ 508,
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‘Disparity+’ (to increase disparity) 510 and ‘Disparity-" (to
decrease disparity) 312. Here, the ‘Back’ button 508 i1s used
for instructing to move to the prior screen before playing. The
‘2D/3D’ button 508 1s provided for selecting to display an
image 1n 2D or 3D mode. The buttons of ‘Disparity+’ and
‘Disparity—", 510 and 512, are provided for adjusting a dis-
parity between left and right images. If a user touches the
‘Disparity+’ button 510, an ofilset value, which 1s to be
applied when mixing left and right 1images, increases. For
example, responding to a user’s selection on the ‘Disparity+’
button, the mixing process 1s conducted after shifting the right
image to the right by one pixel to the left image. If a user
touches the ‘Disparity—’ button 512, an ofiset value to be
applied to the left/nght mixing process decreases. For
example, responding to a user’s selection on the ‘Disparity-’
button 512, the mixing process 1s conducted after shifting the
right 1image to the left by one pixel to the left image. This
adjusting function enhances and satisfaction to a user, as well
as lessening dizziness on watching, by conditioning an opti-
mum disparity i accordance with a screen size of the LCD
panel 52 or the user’s habit of looking and listening, particu-
larly, a distance between the LCD panel 52 and the user’s
eyes.

Although hereinbefore described about the exemplary
embodiments, the present invention may be reduced 1n vari-
ous genres or more details without maternially departing from
the novel teachings and advantages thereof.

For instance, while these exemplary embodiments are
shown with an original file or streaming data which 1s
encoded 1n the standard of H.264, 1t may be permissible to
decode an original file or streaming data which 1s encoded 1n
another standard.

While these exemplary embodiments are described such
that an input 1mage 1s formatted 1n the side-by-side mode, it
may be possible to process another type of input image, which
1s even formatted 1n the top-down or tile mode, or others, 1n a
similar way.

Furthermore, while these exemplary embodiments are
practiced such that the postprocessor 1s organized by means
of software, 1t may be available with a postprocessor that 1s
made up of hardware configuration.

In the meantime, the OpenCORE 1s employed as an
android framework in the exemplary embodiments, but
another type, e.g., the StageFright, may be used for the
android framework 1n consideration of that the OpenCORE 1s
regarded as complicated and difficult 1n modification.

Relative to the exemplary embodiments shown in FIGS. 9
through 11, there 1s described that the color space conversion
proceeds at the kernel stage while mixing the left and right
images proceeds at middleware, whereas 1t 1s also permissible
to conduct both the color space conversion and the left/right
image mixing at the kernel stage.

In the meantime, although not stated above, the frame

butfers 296 and 298 may be prepared within the micropro-
cessor 30 or the LCD controller 50. In case that the frame
buflters 296 and 298 are settled 1in the LCD controller 50,
‘display controller’ noted 1n the claims 1s defined to conduct
functions of actuating light emission for the LCD panel 52,
and controlling 1image bit streams of the frame butlers 296
and 298 to be transierred to the LCD panel 52 directly or by
overlaying.

By providing recording media with application programs
and library program units of written states, they are operable
in terminal apparatuses equipped with parallax barriers, or
portable terminal apparatuses. Here, the terminal apparatuses
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are not restrictive to the portables, including fixable or semi-
fixable apparatuses such as TVs, desktop PCs, laptop com-
puters, and so on.

The foregoing 1s illustrative of exemplary embodiments
and 1s not to be construed as limiting thereof. Although a few
exemplary embodiments have been described, those skilled
in the art will readily appreciate that many modifications are
possible 1 exemplary embodiments without materially
departing from the novel teachings and advantages. Accord-
ingly, all such modifications are intended to be included
within the scope of this imnvention as defined 1n the claims.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, 1t waill
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the mvention as defined by the
appended claims and their equivalents.

What 1s claimed 1s:
1. A method of processing a 3D 1image signal 1n a portable
terminal apparatus equipped with hardware means having a
display panel, a kernel layer directly controlling the hardware
means, an application/middleware layer controlling the ker-
nel layer to display a motion picture through the hardware
means, a 3D 1mage being displayed on the display panel along
with a plane 1mage, the method comprising:
generating one or more plane 1mage surfaces from the
application/middleware layer and storing the one or
more plane image surfaces 1n a first frame butler;

decoding an encoded image signal under the application/
middleware layer and restoring a YUV 1mage signal to
represent a stereoscopic 1mage pair;

converting the YUV 1mage signal into an RGB 1mage si1g-

nal at the kernel layer;

determining whether the RGB 1mage signal 1s a 2D 1mage

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D image signal, trans-

ferring the RGB 1mage signal to an RGB butfer;
when the RGB 1image signal 1s the 3D 1mage signal, trans-
ferring the RGB 1mage signal to a mix buffer, mixing left
and right images of the RGB 1mage signal at the kernel
layer, wherein the left and right images being alternately
arranged 1n the unit of vertical lines of pixels, and storing,
a mixed stereoscopic image signal in the RGB butfer;

transierring the RGB signal 1n the RGB butfer to a second
frame buffer dedicated to motion playback; and

composing signals, which are stored 1n the first and second
frame buffers, to create a composite signal 1n hardware
by overlaying at the kernel layer and transierring the
composite signal to the display panel, wherein the dis-
play panel displays a stereoscopic 1image along with a
normal plane image.

2. The method according to claim 1, wherein the generating,
and storing 1s comprised of:

generating a plurality of plane 1mage surfaces at the appli-

cation/middleware layer; and

composing the plane image surfaces at the application/

middleware layer and storing the composite surface in
the first frame buifer.

3. A portable 3D display apparatus of abstracting a com-
pressed 1image signal from an original image signal by demul-
tiplexing and decoding the compressed 1image signal for dis-
play, the apparatus comprising:

a display panel equipped with a parallax barrier at the front

and configured to display a stereoscopic image;

a display controller configured to drive the display panel;
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first and second frame bulfers configured to respectively
store at least parts of an 1mage to appear at the display
panel through the display controller; and

a microprocessor configured to control the demultiplexing,

and decoding and to conduct a program comprising: a
kernel layer configured to directly control the display
panel; and an application/middleware layer configured
to control the kernel layer to display a motion picture on
the display panel,

wherein the microprocessor 1s configured to:

generate one or more plane image surfaces at the applica-

tion/middleware layer and store the plane 1mage sur-
faces 1n the first frame butfer:;

decode an encoded image signal under control of the appli-

cation/middleware layer and restore aYUV 1mage signal
to represent a stereoscopic 1mage pair;

convert the YUV 1image signal into an RGB image signal at

the kernel layer;

determine whether the RGB image signal 1s a 2D 1image

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D image si1gnal, trans-

fer the RGB 1mage signal to an RGB butfer;
when the RGB 1mage signal 1s the 3D 1image si1gnal, trans-
fer the RGB 1mage signal to a mix buifer, mix left and
right images of the RGB image signal at the kernel layer,
wherein the left and right images being alternately
arranged 1n the unit of vertical lines of pixels, and store
a mixed stereoscopic 1image signal in the RGB butler;

transfer the RGB signal in the RGB butfer to the second
frame buifer, wherein the second frame builer 1s dedi-
cated to motion playback; and

compose signals of the first and second frame buffers to

create a composite signal in hardware by overlaying at
the kernel layer and transfer the composite signal to the
display panel, wherein the display panel displays a ste-
reoscopic 1mage along with a normal plane 1image.

4. The apparatus according to claim 3, wherein the micro-
processor 1s configured to generate and compose the plural
plane 1image surfaces at the application/middleware layer, and
store the composite plane 1mage surface in the first frame
buftfer.

5. A non-transitory computer-readable recording medium
comprising a display apparatus, wherein the display appara-
tus comprises:

a display panel configured to display a stereoscopic image;

a display controller configured to drive the display panel;

first and second frame bulfers configured to respectively

store at least parts of an 1mage to appear at the display
panel through the display controller; and

a microprocessor configured to operate under a layer com-

prising: a kernel layer configured to directly control the
display panel; and an application/middleware layer con-
figured to control the kernel layer to display a motion
picture on the display panel,

wherein the microprocessor 1s configured to:

generate one or more plane 1mage surfaces at the applica-

tion/middleware layer and store the plane 1mage sur-
faces 1n the first frame butfer;

decode an encoded image signal under control of the appli-

cation/middleware layer and restore aY UV 1image signal
to represent a stereoscopic 1mage pair;

convert the YUV 1mage signal into an RGB image signal

signal at the kernel layer;

determine whether the RGB 1image signal 1s a 2D 1mage

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D image si1gnal, trans-

fer the RGB 1mage signal to an RGB butfer;
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when the RGB 1image signal 1s the 3D 1mage signal, trans-
fer the RGB 1mage signal to a mix buifer, mix left and
right images of the RGB image signal at the kernel layer,
wherein the left and right images being alternately
arranged 1n the unit of vertical lines of pixels, and store
a mixed stereoscopic 1image signal in the RGB butfer;

transier the RGB signal 1in the RGB butfer to the second
frame bufler, wherein the second {frame bufler 1s dedi-
cated to motion playback; and

compose signals of the first and second frame bulifers to

create a composite signal in hardware by overlaying at
the kernel layer and transfer the composite signal to the
display panel, wherein the display panel displays a ste-
reoscopic 1image along with a normal plane image.

6. The non-transitory computer-readable recording
medium according to claim 5, wherein the microprocessor 1s
configured to generate and compose the plural plane image
surfaces at the application/middleware layer, and store the

il

composite plane 1image surface in the first frame buifer.
7. A method of processing a 3D 1mage signal 1n a portable
terminal apparatus equipped with hardware means having a
display panel, a kernel layer directly controlling the hardware
means, an application/middleware layer controlling the ker-
nel layer to display a motion picture through the hardware
means, a 3D 1mage being displayed on the display panel along
with a plane 1mage, the method comprising:
generating and storing one or more plane image surfaces in
a plane 1mage layer bufler;

decoding an encoded image signal under the application/
middleware layer and restoring a YUV 1mage signal to
represent a stereoscopic 1mage pair;

converting the YUV 1mage signal into an RGB 1mage si1g-

nal at the kernel layer;

determining whether the RGB 1mage signal 1s a 2D 1mage

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D image signal, trans-

ferring the RGB 1mage signal to an RGB butfer;

when the RGB 1mage signal 1s the 3D image signal, trans-

ferring the RGB 1mage signal to a mix buffer, mixing left
and right images of the RGB 1mage signal at the appli-
cation/middleware layer, wherein the left and right
images being alternately arranged in the unit of vertical
lines of pixels, and storing a mixed stereoscopic 1mage
signal 1n the RGB buftfer;

transierring the RGB signal 1n the RGB butler to a stereo-

scopic 1mage layer butler dedicated to motion playback;
and

composing signals, which are stored 1n the plane and ste-

reoscopic 1mage layer bullers, to create a composite
signal at the application/middleware layer and transfer-
ring the composite signal to the display panel, wherein
the display panel displays a stereoscopic 1image along
with a normal plane 1mage.

8. The method according to claim 7, wherein the generating,
and storing 1s comprised of generating the plane 1image sur-
faces and storing the plane 1mage surfaces respectively 1n a
plurality of plane 1image layer butfers, wherein the composing
and transferring 1s comprised of composing the signals stored
in the plane and stereoscopic 1image layer buitiers.

9. A portable 3D display apparatus of abstracting a com-
pressed 1image signal from an original image signal by demul-
tiplexing and decoding the compressed 1image signal for dis-
play, the apparatus comprising:

a display panel equipped with a parallax barrier at the front

and configured to display a stereoscopic image;

a display controller configured to drive the display panel;
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a frame builer configured to store an 1mage which 1s to be
displayed on the display panel; and

a microprocessor configured to control the demultiplexing
and decoding and to conduct a program comprising: a
kernel layer configured to directly control the display
panel; and an application/middleware layer configured
to control the kernel layer to display a motion picture on
the display panel,

wherein the microprocessor 1s configured to:

generate and store one or more plane 1mage surfaces in a
plane 1image layer buitfer;

decode an encoded image signal under the application/
middleware layer and restoring a YUV 1mage signal to
represent a stereoscopic 1image pair;

convert the YUV 1mage signal into an RGB 1mage signal at

the kernel layer;

determine whether the RGB 1mage signal 1s a 2D 1mage

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D 1image signal, trans-

fer the RGB 1mage signal to an RGB butfer;
when the RGB 1mage signal 1s the 3D 1image signal, trans-
fer the RGB 1mage signal to a mix buifer, mix left and
right images of the RGB image s1gnal at the application/
middleware layer, wherein the left and right images
being alternately arranged 1n the unit of vertical lines of
pixels, and store a mixed stereoscopic 1image signal 1n
the RGB buftfer;
transfer the RGB 81gnal in the RGB butler to a stereoscopic
image layer butler dedicated to motion playback; and

compose signals, which are stored in the plane and stereo-
scopic 1mage layer bullers, to create a composite signal
at the application/middleware layer and transfer the
composite signal to the display panel through the frame
butler, wherein the display panel displays a stereoscopic
image along with a normal plane image.

10. The display apparatus according to claim 9, wherein the
generating and storing 1s comprised of generating the plane
image surfaces and storing the plane 1image surfaces respec-
tively 1n a plurality of plane image layer builers,

wherein the composing and transierring 1s comprised of

composing the signals stored 1n the plane and stereo-
scopic 1image layer buifers.

11. A non-transitory computer-readable recording medium
comprising a display apparatus, wherein the display appara-
tus comprises:
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a display panel configured to display a stereoscopic image;

a display controller configured to drive the display panel;

a frame buller configured to store at least a part of an 1mage

to appear at the display panel through the display con-
troller; and

a microprocessor configured to operate under a layer com-

prising: a kernel layer configured to directly control the
display panel; and an application/middleware layer con-
figured to control the kernel layer to display a motion
picture on the display panel,

wherein the microprocessor 1s configured to:

generate and store one or more plane 1image surfaces 1n a

plane 1image layer butler;

decode an encoded image signal under the application/

middleware layer and restoring a YUV 1mage signal to
represent a stereoscopic 1image pair;

convert the Y UV 1image signal into an RGB 1mage signal at

the kernel layer;

determine whether the RGB 1mage signal 1s a 2D 1mage

signal or a 3D 1mage signal at the kernel layer;

when the RGB 1mage signal 1s the 2D image signal, trans-

fer the RGB 1 Image signal to an RGB buller;
when the RGB 1 image signal 1s the 3D 1 Image Slgnal trans-
fer the RGB 1mage signal to a mix buifer, mix left and
right images of the RGB image signal at the application/
middleware layer, wherein the left and right 1mages
being alternately arranged 1n the unit of vertical lines of
pixels, and store a mixed stereoscopic 1mage signal 1n
the RGB buftter;
transier the RGB signal in the RGB butler to a stereoscopic
image layer buller dedicated to motion playback; and

compose signals, which are stored 1n the plane and stereo-
scopic 1mage layer buifers, to create a composite signal
at the application/middleware layer and transfer the
composite signal to the display panel through the frame
butfer, wherein the display panel displays a stereoscopic
image along with a normal plane 1image.

12. The non-transitory computer-readable recording
medium according to claim 11, wherein the generating and
storing 1s comprised of generating the plane image surfaces
and storing the plane image surfaces respectively 1n a plural-
ity of plane 1mage layer buffers,

wherein the composing and transferring 1s comprised of

composing the signals stored 1n the plane and stereo-
scopic 1mage layer bullers.
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